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YHKLFOHV DQG WKHUHIRUH DUH QRW µFDUHOHVV¶ URDG XVHUV ZKHQ FRPSDULQJ WR IRXUZKHHO YHKLFOH GULYHUV
)(0$
7KHVH ILQGLQJV ZHUH WDNHQ LQWR VHULRXV FRQVLGHUDWLRQV GXULQJ WKH GHYHORSPHQW SKDVH RI WKH SURSHU
$5$62%,6IXQFWLRQDOLWLHVLQUHODWLRQWRULGHUV¶VDIHW\DQG37:DFFLGHQWUHGXFWLRQWDUJHWWKURXJKWKHLU
LPSOHPHQWDWLRQ 7KH DGDSWDWLRQ DQG LPSOHPHQWDWLRQ RI DSSURSULDWH$'$6,9,6 WHFKQRORJLHV LQ 37:V
PLJKWFRQWULEXWHWRWKHVLJQLILFDQWHQKDQFHPHQWRIULGHUV¶VDIHW\0RVWFRXQWULHVKDYHDODUJHSURSRUWLRQ
RIPRWRUF\FOH IDWDOLWLHVDPRQJ ULGHUVDJHG\HDUVDQGROGHU+HQFHQHZ W\SHVRI WHFKQRORJLHVFRXOG
SURGXFWLYHO\LHVDIHW\ZLVHDWWUDFWWKLV\RXQJULGHUJURXSV





H[SHULHQFH 1DYLJDWLRQ V\VWHPV FDQ EH IRXQG DEXQGDQWO\ LQ PDUNHW QRZDGD\V ,PSURYHPHQWV DQG
HQKDQFHPHQWVRI37:VKDYHOHGWKHZD\WRPDQ\PRUHXVHUVWRWDNHORQJHUWULSVWRXQIDPLOLDUSODFHVLH
XVLQJ WKHLU 37: IRU ORQJGLVWDQFH WUDYHOOLQJ DQG OHLVXUH SXUSRVHV 7KHUHIRUH WKH DSSOLFDWLRQ RI
QDYLJDWLRQ V\VWHPV VKRXOG LQWHUIHUH DV OHVV DVSRVVLEOH LQ WKH ULGLQJ WDVN LWVHOI DV WKH VNLOOV LQYROYHG LQ
ULGLQJ DUH PRUH FRPSOH[ DQG GHPDQGLQJ ZKHQ FRPSDUHG WR GULYLQJ D SDVVHQJHU FDU ,W VKRXOG EH
PHQWLRQHGWKDWYLVXDOLQYHKLFOHQDYLJDWLRQDQGRUWUDIILFLQIRUPDWLRQGLVSOD\VKDYHEHHQVKRZQWRKDYH
QHJDWLYHHIIHFWVRQWUDIILFVDIHW\-DQVVHQ.DSWHLQ	&ODHVVHQV/LX&KDQJHRIH\HJD]H










W\SHV RI REMHFWLILFDWLRQ LW ZDV FUXFLDO WR JDWKHU GDWD DQG WUDQVODWH WKHP LQWR EHOLHIV DQG DWWLWXGHV
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UHSUHVHQWLQJULGHUVDVDJURXSRI URDGXVHUV WKDWDUH UHFLSLHQWVRIQHZDQG LQQRYDWLYHDVVLVWLYHV\VWHPV
7KXVDXVHUFHQWHUHGDSSURDFKZDVDGRSWHGIRUWKLVVWXG\
7KHUHIRUH WKHPDLQREMHFWLYHVZHUH WR LQYHVWLJDWH WKH VDWLVIDFWLRQRI WKHXVHUE\ WKH V\VWHP WHVWHGDQG

















IRU QRYLFH ULGHUV DQG WRXULVW E\ LQWHJUDWLQJ 2Q%,.( 6\VWHP DQG SRVLWLRQLQJ GDWD 7ZR IDFWV ZHUH
LPSRUWDQW IRU WKH DSSOLFDELOLW\ RI WKHVH ILQGLQJV )LUVWO\ WKH XVH RI 3RZHU 7ZR:KHHOHUV 37:V LV
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
$OOSDUWLFLSDQWVULGHRQDGDLO\EDVLV IRUFRPPXWLQJSXUSRVHVDWXUEDQ WUDIILFHQYLURQPHQWVPRVWRI WKH
WLPHDQGDOO\HDUURXQG7KHSURPLQHQWW\SHRIPRWRUF\FOHZDVWRXULQJ+LJKVWDQGDUGGHYLDWLRQV
ZHUH REWDLQHG GXH WR WZR SDUWLFLSDQWV ULGLQJ IRU OHVV WKDQ WKUHH \HDUV +RZHYHU DOO SDUWLFLSDQWV ZHUH
H[SHULHQFHGULGHUVZLWKUHJDUGERWKULGLQJ\HDUVVLQFHOLFHQVHZDVREWDLQHGDQGGLVWDQFHULGGHQSHU\HDU
3DUWLFXODUO\ LQ WKLV HYDOXDWLRQ ULGHUVZHUH DVNHG LI WKH\ KDYH EHHQ XVLQJ QDYLJDWRU V\VWHPV DV GULYHUV





)LHOG WHVWV DW +,7 ZHUH FRQGXFWHG ZLWK WKH 3LDJJLR VFRRWHU VKRZQ EHORZ ILJ  7KH 3LDJJLR03
+\EULGXVHVDFFIRXUVWURNHHQJLQHDQGDEDWWHU\GULYHQN:KS1PPD[WRUTXHHOHFWULF
PRWRUZLWKDUHJHQHUDWLYHEUDNLQJV\VWHP7KHYHKLFOHKDVWKUHHXVHUVHOHFWHGYDULDQWVRIK\EULGGULYHWR
FUHDWH D YHKLFOH FDSDEOH RI XS WR /NP DQG ± NPK LQ  VHFRQGV ZKHQ ERWK PHWKRGV RI
SURSXOVLRQDUHXVHG,QHOHFWULFRQO\PRGHWKH03FDQWUDYHODGLVWDQFHRINPDWDPD[LPXPVSHHGRI
 NPK :KHQ ERWK SRZHU VRXUFHV DUH XVHG WKH 03 FDQ UXQ IRU D PD[LPXP RI  PLQXWHV ZLWK
SHUIRUPDQFHHTXLYDOHQWWRDFFVFRRWHU:KHQSRZHUHGVROHO\E\WKHSHWUROHQJLQHWKH03LVVORZHU
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6XEMHFWLYHVFDOHV
6XEMHFWLYH VFDOHV ZHUH DSSOLHG LQ RUGHU WR HYDOXDWH WKH FULWHULD VHW 7KH TXHVWLRQQDLUHV DSSOLHG ZHUH
WUDQVODWHGLQQDWLYHODQJXDJHDQGEDFNWUDQVODWHGWRHQVXUHFRQWHQWYDOLGLW\7KHIROORZLQJWDEOHSUHVHQWV
WKHTXHVWLRQQDLUHVVFDOHVDQGRSHQHQGHGLQWHUYLHZXVHGDVSURSRVHG
7KH SURFHGXUH WR VHW XS WKH 'ULYLQJ $FWLYLW\ /RDG ,QGH[ '$/, 3DX]Lp  ZDV WR DVN YDULRXV
H[SHUWV LQYROYHG LQ WKH GULYLQJ WDVN VWXGLHV WR GHILQH ZKLFK ZHUH LQ WKHLU RSLQLRQ WKH PDLQ IDFWRUV
LQGXFLQJPHQWDO ZRUNORDG IRU SHRSOH GULYLQJ D YHKLFOH HTXLSSHGZLWK DQ RQERDUG V\VWHP FDU SKRQH
GULYLQJDLGV\VWHPUDGLRHWF7KLV LQYHVWLJDWLRQ OHDGV WR WKH IROORZLQJGHILQLWLRQV IRU WKHZRUNORDG
GLPHQVLRQV IRU WKH '$/, (IIRUW RI DWWHQWLRQ 9LVXDO GHPDQG $XGLWRU\ GHPDQG 7HPSRUDO GHPDQG
,QWHUIHUHQFH	6LWXDWLRQDOVWUHVV$IWHUGLVFXVVLRQZLWKH[SHUWVLQWKHDUHDRIULGLQJZHSURSRVHWRDGDSW
WKLV WRRO WR WKHULGLQJFRQWH[W WKHVDPHZD\ LWKDVEHHQGRQHIRU WKH1$6$7/;EHLQJDGDSWHG WR WKH
GULYLQJFRQWH[W:HSURSRVHWKHILUVWYHUVLRQRIWKH5$/,WRKDYHWKHIROORZLQJIDFWRUV9LVXDO'HPDQG
$XGLWRU\'HPDQG7HPSRUDO'HPDQG6\VWHP,QWHUIHUHQFH(IIRUWRI$WWHQWLRQ6LWXDWLRQ2ZQ&RSLQJ
6LWXDWLRQDO6WUHVV(PRWLRQV+DQGOLQJ9HKLFOH7KH WZRPDLQ IDFWRUVDGGHGDV WKH\VHHP WREH W\SLFDO
IURPWKHULGLQJFRQWH[WDUH³6,78$7,212:1&23,1*´IRU³7RHYDOXDWH WKHZRUNORDG LQGXFHGIRU
FRSLQJ ZLWK WKH RWKHU YHKLFOHV DQG ZLWK WKH FRPSOH[LW\ RI WKH HQYLURQPHQW´ DQG ³(027,216





WKH LQWHQVLW\ RI WKH TXDOLW\ WKH\ FKRRVH FOXVWHUHG LQ WKUHH PDMRU TXDOLWLHV (UJRQRPLF +HGRQLF DQG
$SSHDO /RW HW DO  ,Q DGGLWLRQ WKH ZLOOLQJQHVV WR KDYH DQG SD\ IRU WKH WHVWHG V\VWHPV
















JDWKHULQJ VWRULQJ FRGLQJ DQDO\VHV DQG VDIH NHHSLQJZHUH XVHG DQG LPSOHPHQWHG DFFRUGLQJ WR(WKLFDO
JXLGHOLQHVGHILQHGE\WKH5HJLRQDO(WKLFV&RPPLWWHH
7KHVWXG\ IRFXVZDV WR LQYHVWLJDWH WKHVXEMHFWLYHSHUFHSWLRQRIDFFHSWDQFHDQGSHUFHLYHGXVHIXOQHVVRI
WKHSURSRVHGIXQFWLRQVDQGGHYHORSHG+0,VWKHUHIRUHQRREMHFWLYHGDWDZHUHJDWKHUHG








7KH FRQGLWLRQV FRQGXFWLRQZDV FRXQWHUEDODQFHG LQ RUGHU WR FRQWURO IRU RUGHU DQG OHDUQLQJ HIIHFWV LH
URXWHRYHUIDPLOLDULVDWLRQ3ULRUWHVWLQJSDUWLFLSDQWVZHUHIDPLOLDULVHGZLWKWKHVFRRWHULQRUGHUWRDYRLG
DQ\ OHDUQLQJ SURFHVV HIIHFWV LPSHGLQJ DQG WKHUHIRUH FRQIRXQGLQJ WKH UHVXOWV ,Q DGGLWLRQ SDUWLFLSDQWV








7HVWVZHUHSHUIRUPHG LQJRRGZHDWKHUFRQGLWLRQV$OO VWHSV VXFKDVEULHILQJFRQVHQWSURFHGXUDO VWHSV






3DUWLFLSDQWV ZHUH IDPLOLDULVHG ZLWK ERWK03 K\EULG DQG WKH QDYLJDWLRQ V\VWHP MXVW DIWHU WKH EULHILQJ
SURFHVV ,WZDV HVVHQWLDO IRU WKHP WR XQGHUVWDQG WKH QDWXUH RI JXLGDQFH WKHZD\ LWZDV SURYLGHG HJ






KDYH EHHQ SHUIRUPHG WKXV LVRODWHG ZHLJKW DQG FRQWULEXWLRQ RI HDFK VXEV\VWHP LV QRW SRVVLEOH WR EH
LQYHVWLJDWHG1HYHUWKHOHVVLWVDSSOLFDELOLW\DVDPXOWLFRPSRQHQWV\VWHPPD\EHRILQFUHDVHGSODXVLELOLW\
LQ UHDO OLIH VHWWLQJV ZKLFK VXEVWDQWLDOO\ LQFUHDVHV LWV YDOLGLW\ IRU IXWXUH LPSDFW DQG DSSOLFDWLRQ WR
PRWRUELNHLQGXVWU\
7HVWV ZHUH FRQGXFWHG XQGHU JRRG ZHDWKHU FRQGLWLRQV $OO SDUWLFLSDQWV FRQVHQWHG SULRU SDUWLFLSDWLRQ
,QVXUDQFH VDIHW\ DQG OHJDO LVVXHV ZHUH HQVXUHG DQG WDNHQ LQWR VHULRXV FRQVLGHUDWLRQ WR SURWHFW
SDUWLFLSDQWV $V SDUWLFLSDQWV KDYH QRW FRQVHQWHG IRU YLGHRSKRWRJUDSKLF PDWHULDO QR VXFK PDWHULDO LV
SURYLGHG
3LORWV ZHUH FRQGXFWHG GXULQJ GD\WLPH REYLRXVO\ IRU VDIHW\ UHDVRQV 0RUHRYHU WKH HIIHFW RI ZHDWKHU
FRQGLWLRQV ZDV D YDULDEOH WKDW LW ZDV GHFLGHG QRW WR EH WDNHQ LQWR DFFRXQW ,Q DGGLWLRQ WKH V\VWHPV








WKLV FDVH WKH QXPEHU RI SDUWLFLSDQWV IRU ZLWKLQ SDUWLFLSDQWV¶ GHVLJQ VXIILFH DV LW LV DERYH WKH ³UXOH RI
WKXPE´ LH1VDPSOH ! &RKHQ 'LFKRWRPRXV YDULDEOHV ZHUH SUHVHQWHG DV SHUFHQWDJHV 







H[WUHPHV TXHVWLRQQDLUHV E\ LQWHQVLW\ RI TXDOLW\ $V VKRZQ EHORZ WKH KLJKHU YDOXHV ZLWK UHJDUG ERWK
XVDELOLW\HUJRQRPLFTXDOLW\FRPSRVLWHVFRUHVDQGDFFHSWDQFHKHGRQLFDQGDSSHDODUHREVHUYHGIRUWKH
KDSWLF +0,  WKHQ IRU WKH DXGLR  DQG WKH ORZHU IRU WKH YLVXDO GLVSOD\ RI WKH
QDYLJDWRU$FFRUGLQJWRWKHULGHUV¶UHVSRQVHVLQWKHILQDOLQWHUYLHZPRVWSDUWLFLSDQWV
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:RUNORDG
7KH DGDSWHG LQGH[ 5$/, DLPHG DW HYDOXDWLQJ WKH ORDG HJ YLVXDO WHPSRUDO GHPDQG ZLWKLQ HDFK
FRQGLWLRQIRU WKHULGHUV$FFRUGLQJ WR WKH LQLWLDOH[SHULPHQWDOK\SRWKHVHV ORDGVKRXOGGHFUHDVHZLWK WKH
DVVLVWLQJ+0,V$VVKRZQEHORZILJXUHWKHJUHDWHUGLIIHUHQFHVDPRQJFRQGLWLRQVDUHREVHUYHGLQWKH
³GHPDQG´DQG³UHTXLUHGDWWHQWLRQ´ LWHPV ,QRWKHUZRUGV VHQVRU\ ORDG LV LQFUHDVHGZLWK WKHYLVXDODQG
DXGLR+0,DQGGHFUHDVHVLJQLILFDQWO\SZLWKWKHYLEUDWLRQVLJQDOVZLWKLQWKHKHOPHW7KHUHIRUHWKH
QXOOK\SRWKHVHVDUHDFFHSWHG IRU WKHQDYLJDWLRQDQG URXWHJXLGDQFHGLVSOD\DQG WKHDXGLWRU\+0,VDQG
UHMHFWHGIRUWKHKDSWLF0RUHRYHUWKH195*H[SHULHQFHZDVSHUFHLYHGDVPRUHVWUHVVIXOWKDQWKHDXGLR
DQG KDSWLF ZLWK WKH ODWWHU EHLQJ RI VLJQLILFDQW PDJQLWXGH S 7KH LQFUHDVHG VWUHVV SURYRNLQJ













































DQG IHHGEDFN UHFHLYHG LQ WKH LQWHUYLHZ VXVSHFW WKDW WKH HYDOXDWLRQ RI WKH YLVXDO GLVSOD\ LQFRUSRUDWHG
HYDOXDWLRQ RI WKH 195* V\VWHP DV D ZKROH DQG YDULDWLRQV UHVXOWLQJ IURP WKH DWWHQWLRQ GLVWUDFWLQJ
HOHPHQW LGHQWLILHG GXULQJ WKH WHVWV$GGLWLRQDOO\ ULGHUV ZKR KDG D QDYLJDWLRQ V\VWHP LQVWDOOHG LQ WKHLU
YHKLFOHV SDVVHQJHU FDUVZHUHPRUH SRVLWLYH WRZDUGV WKH QDYLJDWLRQ V\VWHPGXH WR IDPLOLDULVDWLRQ DQG
LQFUHDVHGOLWHUDF\IRUVXFKW\SHRILQIRUPDWLRQV\VWHPVIHHGEDFNGHULYHGE\WKHILQDOLQWHUYLHZ
:LWKUHJDUGZLOOLQJQHVVWRKDYH:W+DQGZLOOLQJQHVVWRSD\:W3PRVWULGHUVVKRZHGLQWHUHVWWRZDUGV
ERWK +0,V IRU WKH DXGLR  DQG WKH KDSWLF +0,  UHVSHFWLYHO\ +RZHYHU WKH SUHIHUUHG
DPRXQWV ZHUH KLJKHU IRU WKH KDSWLF +0, ¼ FRPSDUHG WR WKH DXGLR DOWHUQDWLYH ¼ ,W
VHHPHGYHU\LQWHUHVWLQJWKHIDFWWKDWWKHLUZLOOLQJQHVVWRKDYHDQGSD\KLJKO\FRUUHODWHGZKLFKFRXOGEH
LQWHUSUHWHGLQWRDGHVLUDEOHDQGPDUNHWDEOHSURGXFW
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5LGLQJH[SHULHQFH
3HUVRQDO ULGH HYDOXDWLRQV DUH GHSLFWHG LQ WKH IROORZLQJ JUDSK  6WDWLVWLFDOO\ VLJQLILFDQW KLJKHU SK\VLFDO








*XLGDQFH V\VWHP0RUHRYHUPRVW SDUWLFLSDQWV EHOLHYHG WKDW WKH\ZRXOGXVH LW LQ XUEDQ DQGXQIDPLOLDU
WUDIILFHQYLURQPHQWVDVLWZDVPRUHDSSHDOLQJDQGSOHDVDQW,QDGGLWLRQWLPLQJZDVUHSRUWHGWREHVORZ
KRZHYHUDVLWLVDQDGMXVWPHQWHDVLO\PDGHSDUWLFLSDQWVWKRXJKWWKDWWKHKDSWLFRSWLRQZDVDYHU\³ZDQW









WKH ILQGLQJV WKDW SDUWLFLSDQWV VKRZHG VWURQJ SUHIHUHQFH WRZDUGV WKH KDSWLF YHUVLRQ RI UHFHLYLQJ
LQIRUPDWLRQWKURXJKWKHVSHFLDOO\GHVLJQHGKHOPHW7KXVIXUWKHUUHVHDUFKHIIRUWVZLWKUHJDUGVLPPLQHQW
FRQGLWLRQV VKRXOGSODFHHPSKDVLVRQKDSWLFVLJQDOVDQGDXGLWRU\ LQIRUPDWLRQ WREHVKRUWDQGFRQFLVH LQ
RUGHU WRDYRLGH[WUDZRUNORDGZLWKFRQVLGHUDWLRQRI WLPLQJRI LQIRUPDWLRQ7HPSRUDOSHUIRUPDQFHZDV
VOLJKWO\GHOD\HGDQGLWDIXWXUHFRQVLGHUDWLRQIRUDGMXVWPHQW+RZHYHUWKHODWHULVDWHFKQLFDODGMXVWPHQW
WKDWFRXOGEHHDVLO\VWDQGDUGLVHGSHUQDYLJDWLRQDQGURXWHJXLGDQFHV\VWHPXVHGLQRUGHUQRWWRLQWHUIHUH
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